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A method of enhancing the decay/fusion rate of bosons which have a mass, comprising forming of cold plasma of these 
bosons by impinging these bosons with a strong pulse of high energy bosons from a boson source (30). 
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I 

ENHANCED FUSION/DECAY OF DEUTERIUM 



Lz Background 

It is known in the art to direct laser beams against solid 
deuterium and obtain some reaction at a very low decay rate. This 
invention, through the manipulation of deuterium density and 
temperature, laser pulsing and power accomplishes a very large and 
powerful decay rate. 

It is well known in the theory of strong coupling plasma, 
screening due to electrons reduces considerably the Coulomb barrier 
among positively charged ions. This is discussea in ajn 
introduction to Statistical Physics of Charged Particles, - by s. 
ichimaru. Plasma Physics, Benjamin/Curings (1986) p. 193; and in 
-Strongly coupled Plasma Physics, by F.J. ^ Hugh ^ 

Dewitt, Plenum 198 7, and references therein. Nuclear fusion among 
the ions is greatly enhanced by an exponential factor 
A - exp(i. 2 5 r p ) where r p - P.E./K.E. « e 2 /aT is the coupling of 
the plasma, -a, and T being the distance between the ions and 
temperature of the ions respectively. The limit of strong coupling 
V- as *-o is coherence. m astrophysical condition, nuclear 
reaction is found to be greatly enhanced in the interior of a star. 
For example, carbon plasma with temperature T = io 8 - k , and a 
density lo'gm/cm 3 , the enhancement factor A becomes 3 x io». There 
is therefore indirect evidence that enhancement of nuclear fusion 
occurs in hot strongly coupled plasma. 
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IX* — ^ffH^ «?f Invention 

Disclosed herein is a method of forming strongly coupled to 
coherent bosons with mass (B) in a cold plasma by cooling the 
bosons with mass (B) at least to room temperature and shining 
thereon in -a. short, high intensity pulse so as not to cause the 
plasma to became hot, a beam of strongly coupled to coherent bosons 
(b>, the- energy of said bosons (b) being greater than the 
ionization energy of the bosons with mass (B) . 

133. Theoretical Background of invent ^nn 

Recently the production of coherent pions in high energy 
scattering processes has been well studied in c.S. Lam and S.Y. Lo, 
2nys. Raw. Le*t. £2, 1184 (1984) t ibid Phys. Rev. D 22, 1336 
(1986)1 international J. of Modern Phys. VI, 451 (1986) 
incorpor^ed herein by reference, and there exists some 
ea^erimental evidence as noted in S.Y. Lo and A. Schreiker, Phys. 
Lett.B171 r 475 (1986) ; S.Y. Lo, Phys. Lett.lfifi, 416(1987), with 
earlier refardnoes cited in those"* papers, incorporated herein by 
reference* for such coherent pions. Coherent pions, however, are 
only produced- microscopically in small numbers, and hence are of 
no practical use. In analogy with laser, it is argued that stable 
charged nuclei such as o-particles and deuterons can be made to 
become coherent by inducing scattering as discussed in my 
international patent application PCT/AU86/00212 incorporated herein 
by reference.. However charged nuclei,, quite unlike photons, are 
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not neutral and interact strongly. Whereas photons can propagate 
unimpeded in media like glass and air and so can be made coherent 
in a gradual way by adding one photon at a time, charged nuclei 
will interact strongly with any media. Therefore, greater 
complications are expected if we want to create strongly coupled 
or ultimately coherent charged nuclei in a gradual way like 
coherent photons created in a laser tube. It would be best if a 
process is found whereby charged nuclei can be created coherently 
in an instantaneous fashion so that there is no need for them to 
travel in any media. Such an instantaneous process is in fact 
possible. 

A) Container a Deuterium Atr« — Braart tf rr r ^^ T 

From a straightforward extrapolation, one may expect perhaps 
an infinite enhancement of nuclear fusion for a plasma with 
infinite coupling. Explicit Monte Carlo calculation has shown that 
the exponential enhancement factor is at least valid tor i i 6 o. 
For a fusion rate of r o = io"* sec, for two deuterons separated by 
0.72°A, it will be enhanced to a rate r, = i/sec for r. - 161. For 
discussion, we could use this value of 161 as a minimum value to 
calculate the additional quantum effect, if the limit of infinite 
coupling is approached from the low temperature side (r 8 -«, as T-o) , 
then there is in addition quantum effect to be considered due to 
the compton wave lengthy , of the ion l/$ becomes infinite as 
temperature approaches zero, When> e -~, the ions become 

coherent. This is similar .to liquid helium becoming superfluid 
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helium which is coherent at low temperature. Liquid helium becomes 
superfluid at T -- 2.17'K. Hence, ve do not expect to need T = o 
or infinite coupling to have coherent deuterons in reality. Prom 
theoretical discussion here, it is perhaps convenient to stay at 
the idealized limit of T-0, r p —. The calculation of interaction 
involving coherent bosons has been well studied in the study of 
coherent pions in high energy scattering discussed in the above 
referenced S2., 1184 (1984) Phys. Rev. 

Let us consider the elementary process of ionizing a deuterium 
atom (D) by one energetic photon (£) to become a deuteron (d) and 
an electron (e) : 



J(k) + D(p)- e* (q) + d*(p') 



(1) 



where k,p;q,p' are momenta of the particles 1f,D,e,d, respectively. 
The effective Hamiltonian interaction for the ionization process 
(1) is given by 

H, = g f d 3 x (AV 0 %$ d + h.c.) (2) 
where V 0 , 4> d ,A are the quantum fields of deuterium (D) , 
electron (e) , deuteron (d) and photons respectively. All spins are 
neglected: The effective coupling (g) can be evaluated from the 
ionization cross section: 

<*fvfrfV^VjW (2 M (uH-p*/2m -^))^ /2j roJ (3) 
where >, m are the masses of electron and deuteron, u> the energy 
of *° e P 00 ^ 00 ' and E o is ionization energy of the deuterium 
atom! The normalization volumes V y>D#e/d for the four different 
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particles , D ,e,d are given by conditions in the experiment. When 
the deuterium atom is embedded in a solid block of deuterium, there 
is a distribution in momentum (p) due to the finite temperature. 
The transition rate for (1) to happen has to be averaged over the 
initial momentum distribution of the deuterium atoms. 

w, 2*8 (aE) |<p'q| H| | P ]C>| 2 -N(p) (4) 

where *(A E) is the Dirac «-f unction with^E equal to the difference 
in energy of initial and final state. This 5-function ensures 
energy conservation. 

The distribution (M(p)) is assumed to be Maxwellian: 

N(p) - (2ir) 3 /V 0 (2*m k B T) 3/2 e'P'^B 1 (5) 
where k„ is the Boltzmann constant, and T the temperature. 
Then the averaged rate is 



w,=g 2 /«ak 8 T[N(p 0 )-N(p 1 ) ] [4irW|p'--k| $vf7 d y % 



(6) 



where p„, and p, are the limits of the values of momenta that the 
initial deuterium D( P ) can have from conservation of energy- 
momentum so as to produce the same final momentum of deuteron p'. 

Po= I lp'-k| - [2fi(u>- p« 2 /2m -fc 0 )]*| 
-♦ -+ - ' 

Pl= lp'-k| + [2m(u>- p' 2 /2m -£ 0 )]* (?) 

We are interested in producing all deuterons in the same quantum 
state, out of all the possible final states, which is given by 
V»?s " - ......... . . • _ . _ r 
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where r is the Characteristic time of interaction during the 

scattering process. The probability of (1) to occur is 

*-V4S' (9) 
^ »■ now consider the simultaneous ionization of n 

deuterium atoms in a,, solid at low temperature by n coherent 

photons, saacjh as found in a laser beam: 

nX(k)+D(p 1 )+...D(p n )^nd*(p')+...e-(J)+....e-(^) . (10) 

with the production of n coherent deuterons with the same 
momentum p» . The deuterium atoms D(p,) have a distribution of 
momenta p t ...p„. The electrons e are produced with a 
distribution of different momenta q, . Its transition 

rate can fce calculated through a n* order perturbation theory as 
discu8Sed?ln Pnys. Rev. Lett. S2. 1184 (1984) and 12, 1336 (1986) 

oited above and, incorporated herein by reference. 

■ "V 

Pl---Pn 

V f H f .(l/isE H f )^|^ nk| 2 (ll) 
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where the bar over w n indicates it is an average over initial 
momentum distribution of deuteriums due to finite temperature. 
Then it can be evaluated to yield 

V<*I) 3 (p,)"- 1 w lQn (12) 
This expression has obvious physical meaning. For each species 
of coherent bosons, we have an A nl factor due to 

a k ...a k |n(k)> *= nl|o> (13) 
where a k is the annihilation operator of bosons with momentum k. 
Therefore, we expect that the quantum coherent effect of the ions 
greatly enhances the nuclear fusion rate. 

In normal S -matrix scattering, both the time r and 
normalization volume V are taken to be infinite t-*», v-«o. In 
order for a laser to work, it is necessary to count the number of 
final states available. A finite normalization volume as given 
by the volume of the laser is needed. In the case of producing 
coherent bosons in a scattering process as considered here, it is 
further necessary, to use. a # finite time interval t as given by the 
interaction tiiae in order to pzroduce a finite number of final 
states. We here use 

t = 2*6 (o) = ljim. 

There are two species of n coherent bosons: photons and 
deuterons in (10) . An additional ni comes from the bosonic 
character of the commutator of the Hamiltpnian. There are n 
elementary processes, if D-d*e going, on, so that the probability is 
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proportional to P ," or the transition rate is proportional 
to ^r^r Q„ Pomes from the fermionic character of the 

electron in the final state. The expression for 0, can be 
greatly simplified to yield 

q_ = e *V*n (n-Dv 1 

^ (14) 
if the following condition is satisfied: 
nij'-o. 

(15) 

with 

*/, • = JV„V e (/imk„T) / (2jrr) (|p - k|) (16) 
She physical meaning of (16) is that the number of states !/„• 
electrons can occupy cannot be exceeded by the number of 
electrons n due to fermi statistics. The average transition rate 
* <5an recast in the following form: 

* (17) 
where Z is approximately given by 

- (»Ve») > t e-- (i8) 
where the Stirling formula for n! = (n/e) n is used. The 
exponential damping factor comes from the fact that no two 
fermioncai, occupy the same final state. The critical condition 
for the instantaneous creation of n strongly coupled or 
ultimately: coherent deuterons is determined by the inequality 
• Z>1 .' 

(19) 

When z<l, lie transition rate for n deuterium to become n 
coherent deuterons is extremely small because n is a large number 
n(>10 10 ) and z" is very small indeed. On the other hand, if 2 >1, 
tte transition rate f or n deuterium to become n strongly coupled 
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or ultimately coherent deuterons will become very large, and the 
production can be regarded as instantaneous. The initial 
condition 2=1 is similar to what occurs in phase transition in 
condensed matter. 



Achieve Hicrh Deeav v 

Returning to formula (13) above, it is seen that for every 
reaction process that involves coherent or strongly coupled 
bosons, the probability is greatly enhanced by a „i factor. For 
two deuterons at atomic distance, the fusion rate is lo^/sec, a 
very small number indeed. However, if there are say n - 200 ' 
coherent deuterons, the rate will be increased at least by a 
factor (200/e>»- 10 ™ which amounts to almost instantaneous 
fusion or decay of the 200 coherent deuterons with the release of 
nuclear fusion energy. Normally, nuclear fusion of deuterons is 
enhanced by increasing the density, or reducing the distance 
among deuterons by the use of temperatures and a confinement 

scheme. However, it is .clear that the enhancement of nuclear- 
fusion can come about more easily if strongly coupled or 
ultimately coherent deuterons are created first. Strongly 
coupled or ultimately coherent deuterons are favorably produced 
at low temperature in general instead of requiring the high 
temperature normally associated with fusion studies. There 
exists some qualitative differences between the end product of 
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normal fusion of two deuterons and the decay of coherent 
deuteron. The two deuterons can fuse in the following ways: 

d* + d* •* 3 He + N + 3.25 HeV j 20 j 

-* t + p + 4 MeV j 21) 

-» 0* + a + 23.6 MeV ( 22) 

where «f » alpha particle, 1 = gamma particle, p - pions, N = 
neutron, t - tritium. Normally (20) and (21) dominate the fusion 
decay process with 50% each, while the fusion decay into If and a 
is an electromagnetic process and is down by a factor of 1/137. 
As is well known in the art, unstable nuclei decay into l of 3 
forms. These are alpha (a), beta (p) and gamma Of). Alpha is 
clearly a^strong reaction. Beta and gamma involve strong 
reaction and electromagnetic reaction. However, a and If are both 
bosons andean be coherent, there are additional nl factor for 
each coherent boson in the decay product. Hence the dominant 
decay mode of coherent deuteron is (22) and not (20) and (21) . 
That is, fceaction 22 is more likely to occur if the density of 
bosons with mass- is sufficiently high, if these bosons are caused 
to became coherent or strongly coupled by bombarding them while 
at low temperature with a high energy short pulse of say photons. 
The decay products of (20) consist of an odd number of nucleons, 
which are all fermions. 

The formalism as developed' above in (1) (2) follows from the 
phonomeno£ogical Hainiitonian for (20) (21). (22) are 

: 1 ' H , " ?, /d>st Vd*i*» + h * c - (24) 

J; V= V^Vd*^ + n.c. < 25 > 
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with 4> standing for boson quantum field and *f for f ermion quantum 
field and the indices refer to the particular particles. Also 
9 = coupling factor, x - integration variable, A = photon and 
h.c. = Hermitian conjugate. All spins are neglected again. 
These formulas are essentially the sane as (2) above, the 
nomenclature varying slightly. 

fC) Peggy Rate of Erniationg ?n t rough 22 rr^^ 

Perturbation theory is now used to calculate (22) with (23). 
For the decay of two coherent deuterons 

2d*(0)-ct (q) + tf(k) 



(26) 



O = zero momentum 

q = momentum of alpha (a) 

k = momentum of gamma (Jf) 

The decay rate becomes 



l X \. *l »V |X (27) 
where y is the normalization volume of deuterons, m the mass of 
nucleon of deuteron, and E„ the binding energy of a relative to 
deuterons. (-^-m.) . (Note: while deuterons are used here, 
any boson with mass is applicable.) 

For the decay of 2n strongly coupled or ultimately coherent 
deuterons into a andY, we have: 

+ - - - 

2nd (O) - na (q) + n lT (k) (28) 

the decay rate is 

r (a) = *nl(2n)l (-^r, (a)r)"-' r, (a) (i +n<t ) (i +2 „-) 

(1+ (n-l)t7 a ) (29) 
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Trtiere the- characteristic time r is 2n5(0), and 

i/*7 a = number of quantum states in the final state 

2xa*ta (30) 
The (2n) 1 comes from 2ri coherent deuterons p (n!) z comes from two 
coherent bosons a and * and the tj factor is the requirement that 
the final state ot and V can only go into one quantum state among 
all available phase space in order to be coherent. V a V^ are 
normalization volume of the relevant particles. 
There are then two cases depending on the value of ni7 a : 

(a) n?7 a »l. The physical meaning is that there are many 
more particles than the number of states in the final state, so 
that boson condensation phenomenum can occur easily. The 
coherent deuterons decay mainly into coherent a and coherent 
gamma ray. The decay rate is proportional to (ni) 2 (2n) 1 . 

(*>) n^cl. There are far less particles than the number of 
states in the final state. All the particles in the final state 
have different momenta and are incoherent. The decay rate is 
proportional to (nl) (2n)l, one less (n!) factor than the 
previous coherent case. 

Similarly the decay rate of two coherent deuterons into 3 He 
arai neutron as iii process (20) is 

r, (*He) = g| (3m/$irv) ^ 3B1E3 (31) 
where g 3 2 can be obtained from the cross section of the 
scattering of two deuterons ' 

d-Mp^+dCpj) - hleXg) + N(k) (32) 
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with the cross section a given by 

where p is the center mass momentum of the two scattering 
deuterons and Ej is the binding energies of 3 He or tritium 
relative to two deuterons (21^-11^) . That is, B, = 2m,, - a ( 3 He) - 
m(N) . The decay rate of coherent deuterons into helium and 
neutrons 



(34) 



2nd*(OJ-» n'He + nN - nt + nN 
is then given by 

T^e) - 1/2 (nl) (2n) 1(1/8 r, ( 3 He)T) B -' r, ?Be)Q ( 35) 
Q- (l-n 3 ))l-2fJ3)...(l-(n-l)f,3) e (l-(n-l)i, 3 ) (36) 
ha = r^V 16 *"" 3m 4301E3 (37) 
where the (2n!) comes from the coherent character of the initial 
deuterons, and there is additional nl due to the commuting 
properties of the Hamiltonian to the n* order. The fermi 
statistics of 'He and neutron dictates that all final particles 
cannot occupy the same states. This is shown up in the decrease 
of phase space as reflected by the (l-^) factor for first 
additional fermian pair, and (l-2r, 3 ) for the second additional 
fermion pair to the (n-1) pair. There is no diminishing of phase 
space for the first pair. The 7^ is again the number of quantum 
states in the final state. 
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It is clear from comparing (29) and (35) that r n (o) is bigger by 
at least a (n!) . The other fernionic decay mode 2d* -+ t+p is 
similar to (17) by replacing only g, by g 2 and Ej by E t , the 
binding energy of t relative to 2d (2^-1^) . The difference of 
the f ermionic decajr laode (35) as compared with the bosonic decay 
mode (29> is the plus sign in (1+iij) is changed to minus sign 
(l-±ij), typical in the many statistical factors associated with 
fermions and- bosons. 

For the case of non-coherent particles in the final state 
(nn^ol) , it is dear that the f ermionic decay mode of coherent 
deuterons dominates just because normally f ermionic decay mode 
dominates r, ('lie) *>!•, (a). To find the enhancement factor due to 
the coherence of the initial deuterons, one notes that the 
characteristic time t is equal to 4/r T where r T is the total 
decay width , 

r T - r„ («) > rj^+rjtjs- 2 r„( 3 He) (39) 
Then Bq. '(35) can be reduced to yield 

r„(%e) -a*/*, r, (^e) (40) 
where skirling formula h! « (n/e) n is used to reduce the nl 
factor. The enhancement factor is approximately n 3 over and 
above whatever the enhancement factor that comes from screening 
effect in classical strong coupling plasma, it basically comes 
from quantum statistical nature of coherent particles. For n = 
10 12 , r t l « l/sec. r„ becomes lO^/sec and the release of fusion 
energy is immediate. 
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It is also clear the photon ^ in (23) and (34) can be 
replaced by other natter waves such as phonon if the decay of 
strongly coupled or ultimately coherent deuterons occur inside 
matter media rather than in a vacuum. Furthermore, the coherent 
o particles can fuse with the release of additional energy to 
become coherent 8 Be, which also decays until it reaches the 
stable nuclei. One in fact gets much larger amounts of nuclear 
energy from such a cascade decay of strongly coupled or 
ultimately coherent bosons. 

Bl Caveat 

Returning to formula 10 above, through the incidence of 
intense or coherent photons or coherent helium atoms or coherent 
bosons with mass, here deuterium, one may produce coherent 
charged bosons (nd*) where d* is an ionized deuteron, which will 
decay to produce nuclear energy, it is in fact possible that the 
impact of the coherent photons (or helium) on the deuterium which 
is at low temperature will produce only strongly coupled cold 
plasma of deuteron ions with coupling r»l80. These strongly 
coupled deuterons will undergo fusion as discussed in my USSN 
421601 incorporated herein by reference. 

Further, the impact of coherent helium clusters (USSN 
169,648 and 231,194 incorporated herein by reference) on 
deuterium may produce nuclear fusion not only through the 
mechanism of formula 10 but also as 

...r .?..?f ( Pi + P. ( .^r,^ ( ?^),t.,T-V. ; "f(P.\,> • (41) 
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In this instance, the deuterium atom gets accelerated from 
momentum k + k» by the impact of n coherent helium atoms. The 
high energy deuterium atom will initiate fusion the normal way. 

It is possible to create coherent deuterons by coherent 
helium scattering off solid deuterium at low temperatures. This 
arises by replacing photons in equation (10) with coherent 
helium. • 

riHe(fc) + D(p t ) + m ±... D(p n ) - nd + (p») + 

e"(g t ) + .... e~(q) +nHe(k») (42 ) 
The helium He (k) needs to have energy k 0 at least much larger 
than the binding energy Ej/n of the deuterium atom: 

K > Se/ n with Kb = 13.6 eV (43) 
so that it can ionize it. 

Coherent helium atoms with high energy are discussed in US 
patent application 112,842 (12.10.87), and international 
application PCT/AU88/00411 (20 ; 10.88) which are incorporated 
herein by reference. 

A A still further alternative process in accordance with the 
invention involves coherent light scattering off crystalline 
deuteron plasma. 

As discussed elsewhere such as in US Patent 103,631 

(1.10.87) and International Application PCT/AU88/00383 

(30.9.88) , incorporated herein by reference, it is possible to 
create a very cold plasma of deuterons d* and electrons, if it 
is cool enough/, the .plasma coupling r p defined by 
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potenti al energy a 
r p = kinetic energy = aT ^ 44 j 

Eg - _sl_ - 2xl0- 3 ev for a = l/ut (45) 

- 2xlO' 2 eV for a = 0.1 fim (46) 
where a = 1/137 is the fine structure constant; a the average 
distance between the deuterons in the plasma and T is the 
temperature; is large 

^ > (47) 
we shall have a strongly coupled plasma with crystalline 
structure. The difference between a solid crystalline plasma and 
a solid deuterium is that 

(i) The distance between deuterons in a crystalline plasma 
is much larger a=l/ra for a density n-io^/cm 3 or a=0.1 M m for 
n=l0 15 /cm 3 . For solid deuterium the distance between the 
deuterons is of atomic scale a~10" 6 cm. 

(ii) The electrons in the cool plasma are free and can reach 
higher temperature, whereas the electrons in a solid deuterium 
are bound to each individual nucleus. 

(iii) The binding energy of a crystalline plasma is between 
the positive charged deuteron with neutralizing background from 
electrons and is much smaller. 

The value in the above formula (46) is a much lower value 
than the binding energy of electrons in a deuterium atom. Hence, 
it is possible to use a photon with much lower energy to knock 
out the deuterons f rom^ a crystalline lattice position to. become a 
free deuteron since if W deuterium atoms' are in a strongly* 
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coupled plasma their E, is lower than if the atoms are in a 
solid; 

nf(k) + d( Pl )+...d(p B ) + {d( PnM )+...d(p,^) j 
-nd(p') + {d(p' B , 1 )...d(p- nl< )> - 

(with k^E,,) (48J 
The curly bracket (d) denotes the deuterons that remain in the 
crystalline lattice in the plasma and they recoil with some 
distribution momentum so that the overall energy momentum is 
conserved in e.g. (48). 

The advantage of (48) is that the lasers that produce k„~leV 
are quite common and therefore easy to find while the coherent 
light of (10) requires k„>l3.6ev. Lasers of this energy are 
difficult to obtain. 

In the above we use charged deuterons as an example, it is 
possible to substitute d* with any other atomic nuclei or ionized 
atoms which are bosons, without altering the process, if they 
are atomic^nuclei bosons, and if they are made strongly coupled 
or ultimately Coherent by processes similar to those herein 
discussed; then they will also decay (or fuse) to produce fusion 
energy. Furthermore, the coherent photon (10) can be replaced by 
a very strong but very short pulse of photons, say from a 
syiichrotrph radiation. These noncoherent photons will not create 
coherent deuterons, but will create strongly coupled deuterons 
which can also fuse/decay to release nuclear energy. Recent 
construction of synchrotron with energy of electrons 2 to 7 GeV 
that: vi-3rl'*emirt synchrotron -radiation -in the ultraviolet region. 
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i.e. B >i3.6ev has made this possible. The duration of the light 
pulse mast be so short that the fusion rate is bigger than the 
recombination rate between deuterons and electrons (dW-w*) . 
E) Theory Summ ation 

The electromagnetic decay of a deuteron beam is particularly 
interesting for the following reasons: 

(a) Of all decays, the electromagnetic decay of interaction (22) 
releases the maximum energy. Because the helium nucleus Jf or *He 
is more tightly bound than *He or tritium t, the amount of energy 
converted to kinetic energy of the final decay products in 
electromagnetic decay is more than that from the strong decay 
(20). The decay *He *t releases six to eight times more energy 
than the decay of t + H or W. (where t=tritiu» and n=»eutron) 

(b) The electromagnetic decay product consists of a photon and 
He without a neutron. Neutrons are released in strong decays. 
Because of the strong penetrating power of neutrons through 
matter, it is difficult to provide adequate shield and the 
utili Zat ion of these in nuclear energy devices may make nuclear 
energy more costly and complicated, on the contrary, the energy 
released in electromagnetic decay is mainly endowed in high 
energy coherent gamma ray, and the rest in charged particles *He. 
The high energy gamma ray can easily be converted into an 
electron shower by lead plates. 

a&e.. energy;, of the. photon i^ giyen. by 
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* m^)/^ - 23.5 MeV (49) 

The a particle (Helium nucleus) only takes away 0.3% of the total 
energy. 

(c) The electromagnetic decay of coherent deuteron is a source 
of coherent helium nucleus (or oe) and coherent high energy gamma 
ray of 23.5 MeV. A 23.5 MeV gamma ray laser is particularly 
useful to the community of quantum optics researchers. The above 
consideration *gLso holds if the incident beam is composed of 
coherent bosons, such as coherent He. Thus if photon Y is 
replaced bosons having mass the foregoing still applies. 

tY* Psstrirf-ptioft p^tarentipn Apparatus and Sneez e Example 
Tills invention relates to a method and apparatus utilizing 
the decay of a strongly coupled or ultimately coherent boson such 
as strongly coaled or ultimately coherent deuterons. 

We are interested in all of the decays of modes 20 through 
22, and ill particular, in reaction (22) above which may be 
broadly seen as A + A '•+ B+Jf+E where the »A« comprises 
coherent bosons, 'B 1 denotes the fusion product of •A"; • 
denotes one or more photons; and E is the released energy. 

The invention also provides apparatus for carrying out the 
invention comprising means for generating the strongly coupled or 
coherent boson and • allowing the strongly coupled nuclei to 
undergo strong decay and electromagnetic decay to produce energy. 
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In the m^y^rp 

The invention is further described by way of example only 
with reference to the accompanying drawings in which: 

Figure 1 is a diagrammatic cross section of an apparatus 
constructed in accordance with the invention. 

Figure 2 shows the minimum number of photons required to 
satisfy the critical transition Z=l for temperatures T=2° to 10° 
K. The five curves are evaluated for different energies of the 
photon E =14, 16,18,20,22 eV from bottom to top; 

Figure 3 shows the values of nt, at temperatures between 2° 
to 10° K for different energies of photon E =14,16,18,20,22, eV 
from bottom to top. 

petted pescrjptioTi of « Preferred Embodiment .f + V ^ "T^-H 

The process thus far described is effective to create 
coherent charged deuterons causing coherent light to be incident 
on solid deuterium which is at low temperature, in another 
words, a cold plasma is being used here. 
/ 

Figure l 

Referring now to Figure l, there is shown therein a cross 
sectional view of a fusion device for producing nuclear energy by 
the described process. 

The device 10 shown comprises a cryostat 12 containing 
liquid helium in an interior chamber 14 surrounded by a liguid 
heUum.c 9 ntMni« 9 ...jaQket-lfi.. At.a.aower part,of,the cryostat, 
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there is provided a vacuum chamber 18 having therein a container 
20 cbntainihtr >d€aiterium pellets which are maintained at liquid 
helium temperature by virtue of being adjacent to the liquid 
nitrogen in chamber 14. The pellets used may be of any form 
known in the art such as in the form of deuterium oxide. They 
should be solid and may be frozen. The deuterium pellet should 
be at rodei temperature, but preferably below, such as the 
temperature of liquid helium. A gate 22 is provided in a floor 
of the container 20 to permit release of deuterium pellets in a 
known manner one at a time from the gate to fall within the 
vacuum chamber 18. The vacuum chamber 18 has a window 26 formed 
in a sid* wall thereof and laser light of energy of at least one 
joule from a source 30 is directed via a focussing lens 32 
through the window to be brought to a focus at a location 36 
within the vacvam chamber. 

ThB deuterium pellets as they fall within the chamber 18 
remain at low temperature of room temperature or below and are 
kept at ttkt temperature by the liquid helium jacket and the 
vacuum into which they pass. At location 36 the laser light is 
directed pulse onto the pellet to generate energy and gamma 

ikys by>the process above described. The pellet density should 
be at least 2.2xl0 22 /cn?. In order that the deuterium atoms in 
solid can fce treated as a pure state, the pulse duration of the 
laser must be short as compared with the period of phonon 
.vibrations so that dephasing of the atoms will not occur. At a 
temperature T » 10 *K, the laser pulse must be very short with 
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»■ « ^ - 3 pico seconds. 

The laser is connected to the gate such that upon release of 
a pellet the laser is triggered to pulse once against the pellet, 
this occurring at point 36. The pulse must be a pico second or 
less and 1 joule or higher. The location 36 is surrounded by 
lead shielding to absorb the gamma rays and other radiation which 
may be generated. At various locations as desired, the lead 
shielding, which nay be in the form of sheeting, is interfaced 
with one or more silicon cell layers whereby the gamma rays 
directed thereto through the lead shielding are converted to 
electric energy directly by photo electric effects. Thus, output 
electricity may be generated directly from the silicon cells, such 
as at the terminals 42, 44 shown. The lead shielding is 
illustrated at, for example, 52 in the drawing and the silicon at 
54. 

The laser 30 may be operated in pulsed fashion to direct one 
pulse of light at one pellet of deuterium as it falls to location 
36 in the vacuum. Thus, the pulsings may be synchronous with the 
operation of door 22. A vacuum chamber is not mandatory but 
advisable. 

Of course, although apparatus 10 is shown as utilizing 
released photons to directly produce electricity by photoelectric 
interaction, this is not essential and energy released may be 
otherwise applied such as to produce heated liquid (for example 
steam) which is used for example to produce electricity by 
conventional means such as turbines. 
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O^e process whereby the energy is released from the 
interaction of the deuteron pellets and the laser light is 
described in formula (22) . The deuterons in the described 
pellets aire raidered strongly coupled or ultimately coherent by 
the incidence of the laser beam thereon, and it is the strongly 
coupled or uTCiaately coherent deuterons which decay as above 
described fe> 'gfive^off the gamma rays. 

A further example will be enlightening. 
Used is a deuterium pellet with volume 

V»V^V e «ioO itm x 100 m x lOO pin 
Where V 0 «= formalization volume of deuterium 
Vj* formalization volume of deuteron 
V e » normalization volume of electron 
The pelle* ^ at about liquid helium temperature. Photons from a 
laser (30) , thus coherent photons, are pulsed onto each pellet 
individually while each pellet is in a vacuum chamber. The 
energy of *he laser is one joule or greater, its pulse length is 
100 cm and the area of the deuterium pellet where pellet and 
laser pulse coincide is ldo/im x 100 /on. 

v - lpo /m i ioo job x loo cm 
The energy of the photon ranges from 

B » v: - i4 to 22eV 
The coupling constant g is calculated using the ionization cross 
section a, * ioTcm 2 . n. Wainfan, W.C. Walker, and G.L. 
Weissler, Phys. Rev. 99, 542 (1955), incorporated herein by 
reference. The ionization cross section is considerably bigger 
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than the elastic cross section at these energies. There are, 
therefore, no other competing channels. From Z=i, we can 
calculate the minimum number of photon n that is needed for 
temperature T=l° to 10* K. It is in the range of n-12 12 as shown 
in Figure 2, which means an energy of a /a per pulse, which is 
not stringent at all. The value of ntj' calculated and shown in 
Figure 3 and is smaller than 1, as required. 

One last example of creating an infinitely strongly coupled 
cold plasma with coherent deuterons is set forth. Making use of 
earlier equations 14, 16 and 18, a laser pulse with photon energy 
14 to 22ev, a pulse length less than 0.3 psec, and a number of 
photons n > lo 12 with a deuterium pellet of size (100/m) at 
T - i* to 10- K can satisfy the critical condition Z «> l. when 
the critical condition is reached, the transition rate is greatly 
enhanced because of the enormous power of z"" 1 . All the 
deuterium- atoms will be instantaneously ionized to produce 
coherent deuterons with infinite coupling. These coherent 
deuterons will also decay subsequently to yield nuclear fusion 
energy. . . , 

we conclude the parameters required to produce strongly 
coupled or ultimately coherent deuterons instantaneously are 
within reach of present experimental situations. The immediate 
use of strongly coupled or ultimately coherent deuterons is that 
they will fuse/decay to release an enormous amount of nuclear 
energy. The above scheme utilizing cold infinitely strong 
coupling plasma may be a new way to achieve nuclear fusion. 
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Claims 

!• A method for creating coherent bosons having mass (a*), said 
method comprising* 

shining a coherent beam of bosons (b) in a short intense pulse 
of high energy on a solid pellet of bosons having mass (B) in 
accordance with the following formulae and critical conditions 

nb (k) + B <p ) + .... B (p n )^na + (p) + e" (q )+ ... e - (q ) 

where Pr q# are momenta; a is the nucleus of B, the boson atom 
with mass having a maxwellian distribution in momentum at 
tezqperature T; and n is the number of particles; 

the transition rate (w) being 

w • fc"" x w^ 
where the following Is the critical condition 
8 - (n* / (4e 3 )) w 1 Te-"»' / * 

1/n/ « Vpm,, Ytgl (2-irr) |"p' - k| 
when Z is greater than or equal to 1; 

nm„ being the masses of electrons and boson atoms with mass* w 
being the maxvellian average of transition rate of a single boson 
in said boson beam ionising a single boson atom with mass; being 
the interaction time; and V being the normalization volume. 
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2. The method of claim 1 wherein said bosons with mass (B) are 
deuterium. 



3. She method of claims 1 or 2 wherein said boson beam (b) is a 
beam of helium clusters. 

4. The method of claims 1 or 3 wherein said boson beam (b) is a 
laser light. 

5. The method of claims 1 or 2 wherein said boson beam (b) is a 
beam of helium. 

6. The method of claim 3 wherein said photon energy is 14 to 22 
ev, the pulse length is less than 0.3 pico seconds; the number of 
photons is greater than 10" with a deuterium pellet of approximate 
sise (100 urn); the temperature is 1° to 10* kelvin. 

i 

7. A method of forming strongly coupled plasma and/or coherent 
bosons with mass (a*) in a cold plasma by cooling bosons with mass 
in a solid (a) at least to room temperature and shining thereon in 
a short, high intensity pulse so as not to cause said plasma to 
become hot, a beam of coherent bosons or intense boson beam (b), 
the energy of said bosons (b) being greater than the ionization 
energy of said bosons with mass (a), said method resulting in the 
release of nuclear energy from the fusion/decay of the strongly 
coupled plasma and/or coherent bosons with mass (a) . 
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8. The method of claim 7 wherein said shining occurs In a vacuum 
chamber and wherein said pulse must be short as compared with the 
period of phonon vibrations so that the dephasing of the atoms of 
said bosons with mass (a) is prevented. 

9. The method of claim 8 wherein at a temperature of 10 degrees 
kelvin the pulse must be short with > being very much smaller than 
(l/(k,T)) which is approximately equal to three pico seconds where 

T is the wave length of said boson beam (b) . 

10. The method of any of claims 7 through 9 wherein the reaction 
between the bosons with mass (a) and the beam of bosons (b) is an 
electromagnetic decay reaction according to A + A-*- c + V + E 
where 'A- are the strongly coupled to coherent bosons <a,b)j »c - 
is the fusion product of -A-» is one or more bosons; and "B" is 
released energy. 



11. The method of any of claims 7 through 9 wherein the reaction 
between the bosons with mass (a) and the beam of bosons (b) is a 
strong decay reaction according to A + A-V C + D + E where "A" 
are the strongly coupled to coherent bosons (a*); -C" and "D- are 
the fusion product of -*A" ; and "B" is released energy. 



12 . The method of cla>m 7 wherein said coherent bosons with mass 
(a) is deuterium and ^ixi beam of coherent bosons or intense beam 
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(b) is comprised of photons, said photon energy being greater than 
the binding energy of the atoms of the deuterium, the pulse length 
being less than 0.3 pico seconds; the number of photons being 
greater than 10" with said deuterium being in a solid pellet of 
approximate size (100 urn); the temperature of said pellet being 
l' to 10° kelvin at the time said pulse of photons strikes said 
deuterium pellet to form said strongly coupled plasma and/or 
coherent bosons with mass (a 4 ) . 

13. The method of claim 7 wherein said boson beam (b) is a beam 
of photons from an ultraviolet source. 

14. a method of forming a cold plasma of at least strongly coupled 
to coherent bosons with mass, said method comprising* 

shining an intense to coherent beam of bosons in a short, high 
energy pulse on a solid containing bosons with mass, said beam 
having an energy exceeding the binding energy of said bosons with 
mass, said pulse time not exceeding the period of phonon energies 
of said bosons with mass, the decay occurring upon the incidence 
of said pulse of bosons on said boson with mass being 

2na*(0) n-A + nN 
where -a- are the bosons with mass; n is the number of particles; 
A and N is the fusion product; 0 is zero- momentum. 

15. A method of releasing nuclear fusion energy comprising 
impacting coherent bosons with mass such as coherent helium 
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clusters on bosons with mass such as deuterium. 

16. A method .-of releasing nuclear fusion energy comprising 
lxajMurtdng^boBons with mass with a very Bhort very strong pulse of 
bosons as might be emitted by a synchrotron, said strength of said 
pulse having to be greater than the binding energy of said boson 
with mass, said length of Bald pulse having to be less than l/k,T. 



PCT/US90/01990 



1/3 




FIG. I 



SUBSTITUTE SHEET 



WO 90/13130 



PCI7US90/01990 




SUBSTITUTE SHEET 



WO 90/13130 



PCT/US90/01990 



3/3 




SUBSTITUTE SHEET 



INTERNATIONAL SEARCH REPORT 

CLA8S,F.CAT,ON Of _ — ^">»»°"" APP^aUon No PCT/QSQn/niC 

*=co, ol n 0 .o ,n,e,n.„ona, Patent 



to I... r ., classification svmbois apply. inH. 

IPC(5) : gJTb I/Oo ' 0 " ° r '° bo,h Na "° nal C to "" i °""»" — 

_U/.S. CT,.; 376/100, in* -|nft 

II. HELPS SEARCHED 



Classification System i 



Minimum Documentation Searched « 



Classification Symbols 



U.S. CL. 376/100, 105-108, 120 



[Relevant to Claim No. i» 



W>, A, TO7/00681 (L0) 29 Januai7 1987, ,,,„,„ 



; 3,6,9,12-13,16 
' 1,3,5,15 



WD, A, W387/006B1 (LO) 29 January 1987. 

Jaffi?° TeCb ^- Vo1 ' 20 » N0.4, (April 
1982), See pages 1375-1380 (particularly Se 
first column on page 1378), EES ET AL. 

New Scientist (28 February 198O), pages 653, 

f?^ 2 ^ (>fey 1988), "High Power Picosecond 
Laser System at 248NM", pages 1-21, AL. 

DS ' A ' 4,755,344 (FRIEDMAN ET AL. ) 05 July 1988. j 3,15 

! 13,16 

US, A, 3,808,432 (ASHKHf) 30 April 1974. ' 



13 



13 



US» A, 4,597,933 (HEP1N ET AL.) 01 July 1986 
See col. 7, lines 25-37. 



• Special categories of cited documents: 

fiU^Q d!rte CUme,rt but PUbIi4hed on or after th « international 
"L" document which may throw doubts on priority ctaimfs. or 
S2£J S *'?2 t0 •*■»«■■» the publican date SothSr 
citation or other special reason (as specified) anoiner 

"°" SrSr m ^ n r f errin ° t0 an oral disclosure, use, exhibition or 



oV oH^'Xr* P u S h «*« d after the international filing date 
Se7ta unriMM I? 1 in - co ? fl . ict wiUl tho «PP«catSn but 
InvVntiSn C princiDle or theor * underlying the 

^nn^hi « Particular relevance: the claimed invention 
^^iSSSX^S^ 0f Cann0t 60 C ° nSidWed ,0 
" Y " P^ular relevance; the claimed Invention 

docum^S KSSt? 8 !? 0 ',?r olve Bn i«w«*» step when the 
Suho art! comb,natIon be,n 0 obvious to a person skilled 
"A" document member of the same patent family 



Date of the Actual Completion of the International Search * 

28 AUGUST 1990 


j Date of Mailing of this International Search Report « • • . > 

\ 24SEP1990 


International Searching Authority > 

ISA/DS 


liS? nalUfe ° f Authorizod OW&FCc*T NGOC-HO 
f° IKSSSZ^IOMSLDIVISIOai 
1 HARVEST E. EEHREND /bmfo A*^*^_ 


Form PCT/ISA/210 (second sheet) (May 1986) 





International Application No. 



PCT/D590/01990 



FURTHER INFORMATION CONTINUED FROM THS SECOND SHEET 



Y 


US, 


A, 3i 489, 645 (D&IEEK ET At,.) 13 January 1970, 
See cols.: 1,6,11 . 


1,2,4,6-12,14 


P, A 


US, 


A, 4; 875, 21 3 (LO) 17 October 1989. 




P,A 


US, 


A, 4,926,436 (LO) 15 May 1990. 






us, 


A, 4,940,893 (LO) 10 July 1990. 





TMa International search report haa not been established In respect of certain claims under Article 17(2) (a) for the following reasons: 
1. □ Claim numbers , because they relate to subject matter i not required to be searched by this Authority, namely: 



□ Oalm numbers because they relate to parts of the international application that do not comply with the prescribed require- 
ments to such an extent that no meanirtgfui International search can be carried out *. specifically: 



Cfedm numbers 
PCT Rule 6.4(a), 



, because they wcfependentds^ the second and third sentences of 



OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING 1 



This International Searching Authority found multiple inventions In this international application as follows: 

I. Oke specie of a beam of coherent helium (CLAIMS 1-3,5,7-11,14,15). 
tE. Ike specie of a coherent photon beam (claims 1,2,3,6-12,14) • 
m. The specig of nochH«iherent photon beam (claims 7-14,16). 

I.gj As att acquired additional aearoh fees were ttmery paid by the applicant, this international search report covers ali searchable claims 
of the totarnattaoa* appttcatton. 

2Q As only some of the required additional search fees were timer, paid by the applicant, this International se*i.i. report covers only 
those claims of the International application for which fees were paid, specmcajfy claims: 

*□ J*° additional search fees were timely paid by the applicant Consequently, this international search report is restricted to 

the invention first mentioned In the daJms; ft Is covered by claim numbers: 

•^P b^^ft^of ^t^tal^fltV 0 ^ ° ff0rt iu ™ ,ymo an fee, 100 wtemational Searching Authority did not 
Remark on .Protest *■ 

I S^. 0 ^ 01 * 1 •^tchiam wen accompanied W applicants protest * - a : . • r.i 
- accoth^ahted- the pavinent of nddttonal search lees. 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ELLEGD3LE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

Bf LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHTBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



